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(57)Abstract: 

PURPOSE: To produce a steel wire with high strength, high ductility, and high toughness, in 
which deterioration in strength at the time of temp, rise treatment at plating, etc., and superior 
strength is produced and which has excellent ductility and high toughness and causes no 
longitudinal crack, e.g. at the time of twisting, from a quite new standpoint different from the 
preconceived idea indicated by the conventional technique. 

CONSTITUTION: This steel wire is essentially composed of one or more structures selected 
from the group consisting of fine pearlite, pseudo-pearlite, and bainite, and further, the 
average grain size of carbides in the structure is regulated to 10-50nm, preferably 10-30nm. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The high carbon hot-dipping steel wire with which this invention is represented 
by a PC wire, a galvanization steel stranded wire, a spring steel wire, the cable for suspension bridges, 
etc., The high-carbon-steel line which receives 2 phase plating diffusion heat treatment represented by 
the steel code wire etc., Namely, are related with the approach for manufacturing the steel wire which 
receives temperature-up processing after cold working, and such a steel wire, and especially, while 
demonstrating the reinforcement which controlled the lowering on the strength in the case of the 
temperature-up processing at the time of plating, and was excellent It is related with high intensity 
quantity ** and ductility steel wire excellent also in toughness and ductility, and its manufacture 
approach. In addition, although the target steel wire in this invention is the meaning not only containing 
the above high-carbon-steel lines but the medium-carbon-steel line whose C content as shown in the 
after-mentioned example is about 0.6%, below, it takes up a high-carbon-steel line typically, and 
advances explanation. 
[0002] 

[Description of the Prior Art] In manufacturing a PC wire, a cable for suspension bridges, etc. with 
which corrosion resistance is demanded, it is common that carry out wire drawing after performing 
patenting treatment to high carbon steel wire, and hot dip zincing etc. is given after that. In such a 
production process, steel wire has the problem that reinforcement will fall, in the case of the 
temperature-up processing at the time of hot dipping, although high intensity-ization is attained at the 
time of wire drawing. Moreover, the more wire drawing raises reinforcement, there is an inclination for 
the lowering on the strength at the time of plating processing to become large, and, the more high 
intensity-ization of plating steel wire has the problem of being difficult, as a result. 
[0003] It is known that it is effective to add Si more highly as a means which raises the reinforcement of 
the high-carbon-steel line by which temperature-up processing of the above hot dipping etc. is 
performed. That is, addition of Si has the effectiveness of raising the steel-wire reinforcement after 
patenting treatment, and also raising the steel-wire reinforcement after wire drawing, and the 
effectiveness which the hardenability of steel wire is raised and controls the deposit of free cementite. 
And Si controls the lowering on the strength at the time of plating processing, and is said to be an 
element very effective in high-intensity-izing of hot-dipping steel wire. Many techniques which add Si 
from such a viewpoint at slight height to the steel wire with which hot dipping is performed are 
proposed until now. For example, performing hot dipping to the steel wire which added Si a maximum 
of 1.3%, and performing correction and bluing to JP,4-246125,A after that is indicated. Moreover, 
limiting Si addition according to the amount of wire drawing is indicated by JP,4-325627,A. 
Furthermore, controlling Si addition according to steel-wire reinforcement or a wire size is indicated by 
JP,6-33855,A. 

[0004] On the other hand, depending on the wire size of steel wire for the vertical crack generating 
highest reinforcement at the time of the twisting trial which is one of the properties important when 
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evaluating the toughness in the above hot-dipping steel wire is known, and the more a wire size becomes 
large, the more the vertical crack generating marginal reinforcement falls. The technique which adds 
correction to JP,3-249129,A mechanically and controls generating of a vertical crack from such a 
viewpoint, for example is proposed. 

[0005] Namely, that to which the technique proposed so far in order to attain the high intensity and the 
high toughness of steel wire rationalizes a chemical entity presentation and manufacture conditions of a 
high-carbon-steel line is almost the case. Moreover, excelling in ductility is also important for the above 
steel wire. 
[0006] 

[Problem(s) to be Solved by the Invention] This invention is made paying attention to the above 
situations, and while demonstrating the reinforcement which controlled the lowering on the strength in 
the cases of temperature-up processing at the time of plating etc., and was excellent, it excels also in 
ductility. And it is going to realize high intensity quantity ** and ductility steel wire which shows high 
toughness and does not generate a vertical crack at the time of twisting etc., and is in attaining it from a 
completely new viewpoint different from the preconceived idea moreover indicated by the conventional 
technique. 
[0007] 

[Means for Solving the Problem] This invention which was able to solve the above-mentioned technical 
problem is the steel wire which made the subject one or more sorts of organizations chosen from the 
group which consists of fine pearlite, a false pearlite, and bainite, and are high intensity quantity ** and 
a ductility steel wire which has a summary at the point that the mean particle diameter of the carbide 
under said organization is 10-50nm. 

[0008] In the above-mentioned high intensity quantity ** and ductility steel wire, when an organization 
makes fine pearlite a subject, if the mean particle diameter of the cementite crystal grain in a lamellae 
cementite is 10-50nm, the above-mentioned technical problem can be solved. 

[0009] Moreover, it is the steel wire which made the subject one or more sorts of organizations chosen 
from the group which consists of fine pearlite, a false pearlite, and bainite, and the mean particle 
diameter D of the carbide under said organization (micrometer) and wire-size R (mm) can solve the 
above-mentioned technical problem also by satisfying the relation of following the (1) type. 
2.14xlnR+6.56 <=D<=2.14xlnR+46.6 (1) 

In this high intensity quantity ** and ductility steel wire, it is desirable that the mean particle diameter D 
of the carbide under said organization (micrometer) and wire-size R (mm) are what satisfies the relation 
of following the (2) type. 
2.14xlnR+6.56 <=D<=2.14xlnR+26.6 - (2) 

[0010] In addition, in this high intensity quantity ** and ductility steel wire, if the mean particle 
diameter D of the cementite crystal grain in a lamellae cementite satisfies the aforementioned (1) 
formula or (2) types when an organization makes fine pearlite a subject, the above-mentioned technical 
problem is solvable. 

[001 1] If in charge of manufacturing high intensity quantity ** and ductility steel wire of one of the 
above, while setting the true strain epsilon in wire drawing to 1.0-5.0, it is the last soak temperature TB. 
What is necessary is to make it 700 degrees C or less, and just to make it operate. Moreover, it sets to 
this manufacture approach and is the last soak temperature TB. It is desirable that it is 300-500 degrees 
C. 

[0012] Moreover, operating as a more concrete operation gestalt of the above-mentioned manufacture 
approach of this invention, so that mean particle diameter D (micrometer) may satisfy following the (3) 
type is mentioned. 

D=-108.7-12.9x [Si] +16.4xepsilon +0.320xTB-17.6xlogHR - (3) 
However, [Si]: Si content in steel wire (mass %) 

HR : average heating rate of a between [ TB-20 degree C from TB-100 degree C ] (degree C/second) 
[0013] 

[Embodiment of the Invention] this invention persons came research by steel which consists of a fine 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 12/6/07 



. JP,08-120407,A [DETAILED DESCRIPTION] 



Page 3 of 13 



pearlite organization in piles from the crystallographic position in the NANOMETA (nm) level which is 
not examined until now. Consequently, it succeeded in making a lamellae cementite gestalt the 
cementite crystal (it being hereafter called a "nano crystal") of NANOMETA (nm) level by controlling 
cold- working conditions and temper conditions appropriately, and as shown in drawing 1 (however, a 
wire size result of 5mm), between the local ductility ability expressed with [tensile strength (TS) x 
drawing], and the mean particle diameter of the cementite of a nano crystallized state A header and this 
invention were completed for high toughness being shown and a vertical crack stopping occurring etc. 
that it is not concerned with the chemical entity presentation of steel wire, but very high correlation **** 
is accepted, and by making mean particle diameter of said cementite suitable. That is, while optimizing 
the high intensity and high ductility balance of the steel wire which consists of a fine pearlite 
organization, in order to have attained high toughness, the high-carbon-steel wire rod which has the 
further high intensity, and high ** and ductility by this was [ that what is necessary is just to control the 
mean particle diameter of the nano crystallized state cementite in a lamellae cementite in the suitable 
range ] realizable. 

[0014] The above-mentioned lamellae cementite is scientifically considered to be the single crystal of 
one sheet, and presenting a nano crystallized state is not even known by current. This invention is made 
under the new idea of carrying out gestalt control of the lamellae cementite by the nano crystallized 
state, and is made from a viewpoint completely different from the old existing technique. 
[0015] In addition, although some researches relevant to the crystalline structure of steel wire are also 
made, neither carries out gestalt control of the lamellae cementite by the nano crystallized state until 
now. For example, although subsystem observation of a big and rough balling-up cementite is given to 
the "Japan Institute of Metals" (the 37th volume, 1973, the 875th page) and it is investigated about the 
subsystem and ductility in a big and rough cementite, this research is not research on the nano 
crystallized state of a lamellae cementite. Moreover, although the research on the recovery process of a 
big and rough cementite is presented by the "Japan Institute of Metals" (the 40th volume, 1976, the 
874th page), it catches about recovery of the rearrangement under heat treatment. Furthermore, although 
the research on the effect of the alloy element about the gestalt behavior of a big and rough cementite is 
made by "ISIJ" (17 Vol. P 144, 1977, A.Inoue AND T.Masumoto Trans.), it is not research concerning 
control of a nano crystallized state gestalt about the effect of the various alloy elements exerted on the 
increment in cold-working installation dislocation density too. Moreover, the report that it will become 
detailed [ the gestalt of that balling-up of a lamellae cementite is promoted by cold working and the 
lamellae cementite after balling-up ] and uniform from examination by the extract residue method is 
made by the "Japan Institute of Metals" (the 7th volume, the 13th institute prize commemoration lecture, 
1968, the 363-37 1st page). However, in this research, it is not indicated at all that a cementite presents a 
nano crystallized state, furthermore a quantitive publication does not exist about the relation between a 
nano crystal and a mechanical property. 

[0016] A wire size explains further to a detail the reason which limited the gestalt of the carbide in the 
steel wire of this invention centering on the steel wire which is 5mm. this invention persons observed 
particle size of a lamellae cementite first. At this time, the lamellae cementite was extracted by the 
extract residue method, and it observed by TEM. Moreover, the scale factor was made into 150000 
times, measured the particle size of 20 photographs according to the following (1) type or (2) types, and 
estimated that it was also at the average. 

[0017] Drawing 2 and drawing 3 are drawing substitution microphotographies in which the metal 
texture when making bluing treatment temperature into 425 degrees C and 475 degrees C, respectively is 
shown about the steel type A shown in the after-mentioned example. Like this drawing 2 and drawing 
3 , when the grain boundary of a nano crystal has observed clearly to the whole lamellae cementite, 
according to following the (4) type, it asked for the mean particle diameter of a cementite from the 
number of grains of the cementite crystal which exists in the lamellae cementite per unit area as that 
gestalt. 

Mean-particle-diameter [ of a cementite ] = (the lamellae cementite area / the number of nano cementite 
grains of the observed range) 0.5 xl.13 — (4) 
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[0018] On the other hand, like drawing 4 (drawing substitution microphotography in which the metal 
texture when making bluing temperature into 300 degrees C is shown about a steel type A), when it was 
hard to check the grain boundary of a nano crystal as the whole photograph, according to following the 
(5) type, it asked for the mean particle diameter of a cementite from the gross area and the number of 
grains of the particle which the grain boundary carried out clearly. 

Mean-particle-diameter [ of a cementite ] = [(nano lamellae cementite area of the observed range) the 

number of 0.5 -/nano cementite grains] 

xl.l3-(5) 

[0019] Although drawin g 5 is a graph which shows the mean particle diameter of a cementite, and 
relation with (TSx elongation), it turns out that the high intensity and high ductility balance expressed 
with (TSx elongation) are falling rapidly from the hit where the mean particle diameter of a cementite 
exceeded 50nm. From such a thing, the upper limit of the mean particle diameter of a cementite was 
specified as 50nm in this invention. 

[0020] By the way, with the wire for huge pons main cables currently used by the present, it is tensile 
strength: 160kgf/mm2 to each property of reinforcement and a twisting value. The above and a twisting 
value: There is a demand of 14 times or more, that is, the index of high intensity and a high twisting 
value property - becoming (TSx twisting value) - 2240(160x14) kgf/mm2 It becomes a requirement 
that it is above. Although the mean particle diameter of a cementite and relation with (TSx twisting 
value) are shown in dr awing 6 , in order to satisfy the above-mentioned demand characteristics, it turns 
out that what is necessary is just to set mean particle diameter of a cementite to 50nm or less. Also from 
such a viewpoint, the upper limit of the mean particle diameter of a cementite was set to 50nm by this 
invention. 

[0021] Although the upper limit of the mean particle diameter of a cementite was specified as 50nm by 
this invention as mentioned above, as for the upper limit of this mean particle diameter, it is more 
desirable that it is 30nm or less. This reason is as follows. As demand characteristics in the wire for 
next-generation huge pons main cables, tensile strength is 2 200 kgf(s)/mm. Depending on class and the 
need, it is 2 240 kgf(s)/mm. It is class and it is said that more than twisting value: 14 time and more than 
elongation:4% are required. That is, (TSx twisting value) is 2 3360 (240x14) kgf/mm. (TSx elongation) 
is 2 9.6 (240x0.04) kgf/mm above. It is above required. In order to satisfy such demand characteristics, 
said drawing 5 and drawing 6 show that what is necessary is just to set mean particle diameter of a 
cementite to 30nm or less. From such a thing, the upper limit with the desirable mean particle diameter 
of a cementite was set to 30nm by this invention. 

[0022] Moreover, according to said drawing 6 , if the mean particle diameter of a cementite becomes 
smaller than lOnm, (TSx twisting value) would begin to fall rapidly and the vertical crack will 
sometimes have occurred (- mark, ** mark). Such an inclination is the same also in said drawing 1 and 
drawing 5 . By this invention, the minimum of the mean particle diameter of a cementite was specified 
as lOnm from such a thing. 

[0023] Although high intensity, and high ** and ductility were attained in 5mmphi steel wire which 
consists of a fine pearlite organization like the above by specifying the mean particle diameter of the 
cementite in a lamellae cementite as 10-50nm According to the place which this invention persons 
examined, such an inclination not only in the steel wire with which the organization of steel wire 
consists of a fine pearlite organization It sees also in the steel wire included as the organization which 
makes a false pearlite and bainite a subject, or an organization. By controlling the mean particle 
diameter of the carbide [the cementite which dissolved also contains alloy elements, such as Cr besides 
the usual cementite (Fe3 C),] with 10-50nm showed that high intensity, and high ** and ductility were 
attained. Moreover, the range where the mean particle diameter of carbide is desirable is 10-30nm at this 
time. From such a thing, the organization in the steel wire in this invention is the meaning containing not 
only fine pearlite but a false pearlite, or bainite, and should just make a subject one or more sorts of 
organizations of these organizations. In addition, especially about the organization of the remainders 
other than the organization which becomes a subject, it is not limited and a ferrite etc. is mentioned. 
[0024] The above result is a thing in the case of being the steel wire whose wire size is 5mm, and the 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



12/6/07 



JP,08-120407 5 A [DETAILED DESCRIPTION] 



Page 5 of 13 



mechanical property, especially twisting property of steel wire are expected that it is known that there is 
a wire-size dependency and the suitable range of carbide also has a wire-size dependency. In' fact, when 
the mean particle diameter of a cementite (it is the same the following including the above "carbide") 
brought the above-mentioned result to lOnm or less, reinforcement becomes high too much on the 
contrary, a vertical crack was beginning to occur, but (5 said drawing 1 , 6) in the extra fine wire [ like ] 
whose wire size is 0.2mm, even if the mean particle diameter of a cementite was less than lOnm, the 
vertical crack was not generated. 

[0025] Although not the all could be solved about the reason which the above-mentioned phenomenon 
produces, according to the place which this invention persons examined, it has considered as follows, 
the steel wire whose wire size is 0.2mm when a wire size compares a dark field image when the mean 
particle diameter of a cementite is almost comparable about steel wire (0.2mm and 5mm) ~ a cementite 
— the whole surface - and with the steel wire whose wire size is 5mm, the cementite was overly only 
selectively made detailed to having guessed that it was overly made detailed to homogeneity, and the 
crystal grain distribution as the whole was uneven. That is, since particle size distribution are 
comparatively uniform organizations in the extra fine wire whose wire size is 0.2mm even if the mean 
particle diameter of a cementite is almost the same, it is thought that the problem of a vertical crack is 
not produced even if it overly makes it detailed, this invention persons repeated research further 
wholeheartedly about the effect which the mean particle diameter of a cementite has on the mechanical 
property of steel wire, also taking said wire-size dependency into consideration based on the above- 
mentioned knowledge. 

[0026] However, the following inconvenience was encountered while this invention persons advanced 
the above-mentioned research. That is, although it was required to gaze at the actual possible 
organization, without being based on the aforementioned (5) formula in order to have evaluated the 
hyperfine structure of a lamellae cementite, the TEM observation by the usual thin film was not able to 
estimate the structure at all. In the usual extraction replica method, a damage mechanical to a lamellae 
cementite may be given during handling of a sample, and there is no guarantee which continues being an 
organization before the carbide obtained eventually extracting. Even if it is going to evaluate the 
hyperfine structure of a lamellae cementite using the usual extract residue method, after carrying out 
ultrasonic cleaning performed at the usual extract residue process, the appearance of a cementite 
collapsed, the mechanical damage was also given to the internal structure, and it has differed from the 
organization before an extract remarkably. Moreover, when TEM observation of the carbide which 
carried out extract residue, without performing ultrasonic cleaning was carried out, by 20nm or less, it 
was very hard to distinguish the hyperfine structure, and crystal grain was not able to argue about the 
relation of the hyperfine structure and a mechanical property. Furthermore, if acceleration voltage is 
raised in order to raise resolution by TEM, the extracted carbide has differed from the organization 
before an extract for the radiation damage by the electron ray. Although the attempt evaluated using the 
electrolysis radiation mold TEM with which a high resolution is obtained was also performed without 
raising acceleration voltage from such a thing, it was difficult to estimate that the hyperfine structure is 
set to lOnm or less. 

[0027] Then, this invention persons examined the means for analyzing the hyperfine structure first from 
various include angles. Consequently, when crystal grain was evaluated using the radiation, crystal grain 
found out that analysis detailed also about the hyperfine structure 20nm or less could be performed. 
Moreover, with dozens of nm, since the board thickness of a lamellae cementite was dramatically thin, it 
was not able to be concerned with the absorption coefficient to the ingredient of a radiation, but it was 
able to obtain sufficient integrated intensity. In this hyperfine-structure analysis method, various kinds 
of radiations can be used from such a thing. Although an X-ray is obtained the simplest as this radiation, 
even if it uses other radiations, in the semantics of performing structural analysis, it is satisfactory in any 
way. 

[0028] this invention persons conducted examinations with a wire size R and the mean particle diameter 
D of a cementite close about the effect which it has on the mechanical property of steel wire also 
including an overly detailed crystal grain field with the application of the above-mentioned hyperfine- 
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structure analysis method. The result is shown in drawing 7 . 

[0029] In order to obtain the steel wire of the property for which it wishes, without [ without it produces 
lack (TSx elongation), and ] generating a vertical crack so that clearly from drawing 7 , it turns out that 
what is necessary is making it just satisfy the aforementioned (1) formula. Moreover, as long as it has 
satisfied the aforementioned (1) formula so that this drawing 7 may show, the mean particle diameter D 
of a cementite may exceed less than 10 micrometers or 50 micrometers. In addition, since the value of 
(TSx elongation) is excellent when mean particle diameter D is 30 micrometers or less, considering said 
drawing 5 (when a wire size R is 5mm), it turns out that it is more desirable to satisfy the 
aforementioned (2) formula. 

[0030] Next, the manufacture conditions specified by this invention are explained. While setting the true 
strain epsilon in wire drawing to 1 .0-5.0 in this invention approach as conditions for manufacturing the 
above high intensity quantity ** and ductility steel wire, it is the last soak temperature TB. He makes it 
700 degrees C or less, and is trying to operate. In order to obtain sufficient reinforcement as wire- 
drawing material or bluing material first, it is necessary to make said true strain epsilon or more into 1.0. 
Moreover, if wire drawing is performed too much, since reinforcement will rise too much and a vertical 
crack will occur, it is necessary to set the upper limit of a true strain epsilon to 5.0. 
[003 1] On the other hand, it is the last soak temperature TB. If attached, since the pearlite organization 
in which gamma transformation was caused depending on the steel type, and it was obtained by wire 
drawing when this temperature exceeded 700 degrees C and which is detailed and has a stacking 
tendency collapsed and the mechanical property deteriorated, that upper limit was made into 700 
degrees C. Moreover, the last soak temperature TB Although balling-up can be disregarded and tensile 
strength, elongation, drawing, a twisting value, etc. will not fall extremely in several seconds if it 
becomes 500-700 degrees C, there is a possibility that it may become impossible to disregard ** and 
balling-up which are put carelessly for a long time in this temperature region, and tensile strength, 
elongation, drawing, a twisting value, etc. may fall to it extremely. When it becomes less than 300 
degrees C, ductility may stop moreover, fully recovering by heat treatment. Such a thing to the last soak 
temperature TB The desirable range is about 300-500 degrees C. 

[0032] this invention persons arranged correlation **** with the mean particle diameter D of various 
manufacture conditions and a cementite by using a multiple regression analysis etc. as they showed in 
tables 1-7. Consequently, it was admitted that the mean particle diameter specified by the 
aforementioned (3) formula had the mean particle diameter D of the cementite obtained by measurement 
and clear correlation ****. That is, it is Si content and said average heating rate HR in steel wire so that 
this mean particle diameter D may satisfy the aforementioned (3) formula, in order to obtain the 
cementite mean particle diameter D which he wishes according to a wire size R. It became clear that 
what is necessary was just to control. 

[0033] Drawin g 8 is Si% in case a wire size R is 5mm, and said average heating rate HR. The relation of 
mean particle diameter D (the figure in drawing shows mean particle diameter D) is shown. And a 
dotted line shows the field with which are satisfied of the aforementioned (1) formula. Moreover, 
drawing 9 and drawing 10 are drawings in case wire sizes R are 0.2mm and 1.0mm, respectively. In 
addition, these results are based on the data of the tables 1-7 of the after-mentioned example. When 
there is optimal range in mean particle diameter D according to each wire size R and this mean particle 
diameter D was arranged by relation with manufacture conditions from these drawings, it became like 
the aforementioned (3) formula. 

[0034] In addition, in the steel wire of this invention, it is attained by carrying out after [ hot rolling ] 
direct patenting treatment of the fine pearlite, in order to make it what was made into the subject, or 
carrying out after [ re-austenitizing ] patenting treatment of the organization. Moreover, what is 
necessary is just to adjust the temperature at the time of patenting treatment suitably, although it is the 
same as that of the case where it is made a pearlite organization, almost in order to make it the 
organization of a false pearlite, bainite, etc. 

[0035] Although an example explains this invention to a detail further below, of course, the following 
example can also add and carry out modification suitably in the range which may suit before and the 
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after-mentioned meaning instead of the thing of the property which limits this invention, and each of 

they is contained in the technical range of this invention. 

[0036] 

[Example] 

After having used the high-carbon steel of the chemical entity shown in the example 1 following table 1 
as sample offering steel (A-E), hot-rolling it, considering as steel wire with a diameter of 1 1 -14mm, and 
carrying out lead-patenting processing, cold drawing processing was performed by predetermined 
working ratio. The lead-patenting processing conditions at this time are 540-500 degrees-C x 4 minutes 
of 950 degrees-C x 5-minute -> isothermal transformation of reheating. 
[0037] 

A table 1] 



mm 


it ¥ m ft m%) 


c 


S i 


Mn 


P 


S 


Cr 


A 


0. 87 


1.2 1 


0. 72 


0. 006 


0. 004 




B 


0. 80 


0. 38 


0. 87 


0.004 


0. 006 




C 


0. 85 


1. 19 


0. 52 


0. 00 1 


0. 001 


0. 29 


D 


0. 58 


0. 18 


0. 49 


0. 004 


0. 005 




E 


0. 95 


1.21 


0. 75 


0. 004 


0. 006 





[0038] Subsequently, continuation wire drawing of the steel wire was carried out even to 5.0mm 
(reduction of area: 71.0-87.2) which is a target wire size. At this time, steel wire was cooled at the dice 
outlet and steel-wire temperature was kept at 170 degrees C or less. Then, in order to carry out straight- 
line processing and to simulate the temperature-up processing at the time of plating further, bluing 
treatment was performed at 300-500 degrees C. The mean diameter and subject organization of the 
carbide in the obtained steel wire are shown in a table 2 with bluing treatment temperature. Moreover, 
the mechanical property of each steel wire is shown in a table 3. 
[0039] 
[A table 2] 
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o 
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1.79 
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3. 


2 
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1.79 
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A 


3. 
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5. 


0 
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3. 


2 
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1.79 


30. 0 


5. 


0 






G 


A 


3. 


2 
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1.79 


37. 8 
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O . 


n 
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1.79 
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c 
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u 


A-^K h 
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A 


3. 
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3 0 0 


1.79 
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5. 
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X H y n r 
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A 


3. 


2 


4 2 5 


1.79 


2 4. 3 


5. 


0 






1 0 


A 


3. 


2 
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1.79 


52. 8 


5. 


0 
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1 l 


B 


Q 
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2 


3 0 0 


L79 


8. 6 






k 




1 2 


B 


3. 


2 


3 5 0 


1. 79 


1 2. 5 


5. 


0 


A — h 




1 3 


B 


3. 


2 


4 5 0 


1. 79 


5 0.9 


5. 


0 


A — h 




1 4 


C 


3. 


2 
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1.79 


8. 3 


5. 


0 


a— h 
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1 5 


c 


o . 


o 


4 0 0 


1.79 


11.3 


o . 


u 


A ^ ^ Js 




1 6 


c 


3. 


2 


4 5 0 


1,79 


2 7. 2 


5. 


0 


a— h 




1 7 


c 


3. 


2 


5 00 


1.79 


5 0.8 


5. 


0 




fcUSHM 


1 8 


D 


3. 


2 


3 00 


1.79 


8. 7 


5. 


0 


A— *M h 


tbtsw 


1 9 


D 


3. 


2 


4 0 0 


1.79 


13.8 


5. 


o 


A— h 




2 0 


D 


3. 


2 


4 2 5 


1.79 


42. 4 


5. 


0 






2 1 


D 


3. 


2 


4 5 0 


1.79 


5 3. 8 


5. 


0 






2 2 


E 


3. 


2 


3 0 0 


1.79 


8. 4 


5. 


0 


A— h 


ttUeffll 


2 3 


E 


3. 


2 


4 2'5 


1.79 


19. 8 


5 . 


0 


A-5-< h 


■mm 


24 


E 


3. 


2 


4 50 


1.79 


3 1.2 


5. 


0 


A— h 


mm 


25 


E 


3. 


2 


500 


1.79 


53. 1 


5. 


0 


A--5M h 





[0040] 
[A table 3] 
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N o . 
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<kgf/W 


) 


(kgf/mi 


n 2 ) 






(kgf/ratn 2 ) 


(Jcgf/am 2 ) 








1 


19 9. 


8 


2 2 9 


1 


3 . 


5 


4 6 


. 9 


8 . 


0 


10 7. 


4 




0 




2 


19 1. 


5 


2 2 4 


1 


4 . 


9 


4 6 


. 3 


1 0. 


9 


10 3. 


8 








3 


18 0. 


ft 




7 


5. 


7 


4 5 


. 1 


1 2 . 


4 


9 8 . 


2 




1 , 




4 


173^ 


7 


2 1 4 


2 


0 . 


Q 

0 


4 a 


A 
4 


1 0 


4 


y 0 . 


u 


ft 


L 


SIM 


r- 

o 


16 5. 


2 


2 0 4 


5 


5. 


4 


3 7 


. 2 


1 1 . 


0 


7 6 . 


1 


ft 


L 




6 


15 9.. 


9 


1 9 7 


9 


5 . 


4 


3 4 


. 9 


1 0 . 


7 


6 9 . 


1 




L 




7 


15 0. 


7 


18 1 


1 


4. 


8 


3 1 


. 7 


8 . 


9 


5 7 . 


4 




1 




8 


1 8 7! 


4 


2 1 8 


4 


4. 


1 


5 0 


. 2 


9 . 


0 


10 9. 


6 


s 




Jttt« 




15 5. 


7 


1 9 3 


7 


b • 


A 
4 


4 J 


/, 


1 0 




0 1 
y 1 . 


4 


_ 


b 


*ftr /W 


L 0 


14 0. 


4 


1 7 0 


9 


5 . 


2 


4 0 


. 2 


8 . 


9 


6 8 . 


7 








1 1 


12 5. 


4 


j. 1 0 


7 


4 . 


4 


5 0 


. 0 


7 . 


6 


8 6 . 


9 




'J 




1 2 


117! 


6 


1 7 0 


0 


5 . 


9 


5 1 


. 0 


1 0 . 


0 


8 6 . 


7 




L 




1 3 


10 9. 


7 


1 5 6 


2 


5 . 


CJ 


4 4 


1 


7 . 


8 


6 8 . 


9 


I 


U 




1 4 


2 0 4. 


9 


2 14, 


1 


3 . 


9 


5 1 


. 7 


8 . 


3 


110. 


7 


* 




itMlffl 


1 5 




q 


9 n q 

Z U 13 . 


D 

0 


5 . 


8 


5 0 


. 7 


1 2 . 


2 


10 6. 


4 




1 




i 6 


16 9. 


9 


19 7. 


8 


5 . 


8 


4 2 


. 8 


1 1 . 


5 


8 4 . 


7 


m 


L 




1 7 


15 1. 


6 


17 7. 


0 


4 m 


a 


0 s 


Q 
O 


□ 

0 . 




7 n 


A 




0 




1 8 


9 5 . 


7 


13 2. 


4 


4 . 


3 


6 3 


. 5 


5 . 


7 


8 4 . 


1 


ft 


L 




1 9 


8 8 . 


2 


12 4. 


3 


7 . 


9 


6 5 


. 7 


9 . 


8 


8 1 . 


7 


ft 






2 0 


8 0 . 


4 


10 8. 


3 


8 . 


0 


5 1 


. 4 


8 . 


7 


5 5 . 


7 


ft 


L 




O 1 


7 1 . 


2 


9 9 . 


7 


7 . 


2 


4 7 


. 2 


7 . 


2 


4 7. 


I 


ft 


L 


KRfl 


2 2 


2 1 5. 


0 


2 2 7. 


1 


3 . 


5 


4 1 


. 8 


7 ; 


9 


9 4 . 


9 


* 






2 3 


19 7. 


6 


2 19. 


3 


5 . 


3 


4 9 


. 8 


1 1 . 


6 


10 9. 


2 


ft 




mmm 


2 4 


18 0. 


8 


2 14. 


5 


4 . 


5 


4 2 


. 2 


9\ 


9 


9 0 . 


5 


ft 


u 


mmm 


2 5 


15 5. 


1 


18 2. 


7 


4 . 


1 


2 8 


. 1 


7 . 


5 


5 1 . 


3 


m 


u 


jt«ffi 



[0041] It can consider as follows than tables 1-3. First, the sample offering steel A is the steel type 
which added Si 1.21%, and with pearlite steel wire (1 No. 2) 350 degrees C or less, since the mean 
particle diameter of carbide (nano cementite) is set to less than lOnm, bluing treatment temperature has 
become poor twisting with the vertical crack. Among these, with the pearlite steel wire (No.l) whose 
bluing treatment temperature is 300 degrees C, the value of (TSx elongation) is also 2 8.0 kgf(s)/mm. It 
becomes and on-the-strength-elongation balance is falling. Moreover, in the pearlite steel wire (No.7) 
whose bluing treatment temperature is 500 degrees C, the mean particle diameter of carbide has made it 
big and rough with 5 1 .8nm, and (TSx elongation) has deteriorated. On the other hand, even if it uses the 
same sample offering steel A, since the pearlite steel wire (No.3-6) whose bluing treatment temperature 
is 400-475 degrees C has the mean particle diameter of carbide within suitable limits specified by this 
invention, the value excellent in (TSx elongation) is shown. 

[0042] On the other hand, by the bainitic steel line (N0.8) whose bluing treatment temperature is 300 
degrees C, although the thing of steel-wire No.8-10 is manufactured to a bainite texture using the above- 
mentioned sample offering steel A, since the mean particle diameter of carbide (nano cementite) is set to 
less than lOnm, vertical division occurs and (TSx elongation) is inferior in it. Moreover, by the bainitic 
steel line (No. 10) whose bluing treatment temperature is 500 degrees C, the mean particle diameter of 
carbide has made it big and rough with 52.8nm, and the value of (TSx elongation) has deteriorated. On 
the other hand, even if it uses the same sample offering steel A, since the bainitic steel line (No. 9) whose 
bluing treatment temperature is 425 degrees C has the mean particle diameter of carbide in suitable 
******** specified by this invention, (TSx elongation) shows the outstanding value. 
[0043] In the pearlite steel wire (No.l 1) whose sample offering steel B is a steel type which has not 
added Si and whose bluing treatment temperature is 300 degrees C, since the mean particle diameter of 
carbide (nano cementite) is set to less than lOnm, the value of (TSx elongation) has deteriorated. 
Moreover, in the pearlite steel wire (No. 13) whose bluing treatment temperature is 450 degrees C, the 
mean particle diameter of carbide has made it big and rough with 50.9nm, and the value of (TSx 
elongation) has deteriorated. On the other hand, even if it uses the same sample offering steel B, since 
the pearlite steel wire (No. 12) whose bluing treatment temperature is 350 degrees C has the mean 
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particle diameter of carbide within suitable limits specified by this invention, the value excellent in (TSx 
elongation) is shown. 

[0044] In the pearlite steel wire (No. 14) whose sample offering steel C is the steel type which added Cr 
0.29% and whose bluing treatment temperature is 350 degrees C, since the mean particle diameter of 
carbide (nano cementite) is set to less than lOnm, it has become poor twisting with the vertical crack. 
Moreover, in the pearlite steel wire (No. 17) whose bluing treatment temperature is 500 degrees C, the 
mean particle diameter of a cementite has made it big and rough with 50.8nm, and the value of (TSx 
elongation) has deteriorated. On the other hand, even if it uses the same sample offering steel C, since 
the pearlite steel wire (15 No. 16) whose bluing treatment temperature is 400-450 degrees C has the 
mean particle diameter of carbide within suitable limits specified by this invention, the value excellent in 
(TSx elongation) is shown. 

[0045] Although the mean particle diameter of carbide (nano cementite) was set to less than lOnm and 
the vertical crack did not occur in the pearlite steel wire (No. 18) whose sample offering steel D is the 
steel type which reduced C and Si and whose bluing treatment temperature is 300 degrees C, the value 
of (TSx elongation) has deteriorated. Moreover, in the pearlite steel wire (No.21) whose bluing 
treatment temperature is 450 degrees C, the mean particle diameter of carbide has made it big and rough 
with 53.8nm, and the value of (TSx elongation) has deteriorated. On the other hand, even if it uses the 
same sample offering steel D, the pearlite steel wire (19 No. 20) whose bluing treatment temperature is 
400 degrees C and 425 degrees C shows the value excellent in (TSx elongation). 
[0046] The amount of C is the high C addition steel type which is 0.97%, in the pearlite steel wire 
(No.22) whose bluing treatment temperature is 300 degrees C, the mean particle diameter of carbide 
(nano cementite) is set to less than lOnm, and the sample offering steel E has become poor twisting with 
the vertical crack. Moreover, in the pearlite steel wire (No.25) whose bluing treatment temperature is 
500 degrees C, the mean particle diameter of carbide has made it big and rough with 53.1nm, and the 
value of (TSx elongation) has deteriorated. On the other hand, even if it uses the same sample offering 
steel E, the pearlite steel wire (23 No. 24) whose bluing treatment temperature is 425 degrees C and 450 
degrees C shows the value excellent in (TSx elongation). 

[0047] Lead patenting was further presented about the thing of the steel types A and B which carried out 
wire drawing of the wire size to 5mm according to the process described above example 2 (lead- 
patenting conditions: reheating 950 degree-Cx5 minute -> isothermal transformation 540 - 500 degree- 
Cx 4 minutes). Continuation wire drawing of such steel wire was carried out to the range of 1 .0mm 
(reduction of area: 71.0 - 87.2%) which is a target wire size. At this time, the wire rod was cooled at the 
outlet of all dices, and wire rod temperature was maintained at 170 degrees C or less. Then, straight- line 
processing was carried out and bluing treatment was performed at 300-500 degrees C. 
[0048] Then, wire drawing was performed, after presenting lead patenting and performing brass plating 
like the above. Continuation wire drawing of such steel wire was carried out with wet to the range of 
0.2mm (reduction of area: 71.0 - 87.2%) which is a target wire size. Then, bluing of the range of 300- 
500 degrees C was performed after direct processing. 

[0049] The mean diameter and main organizations of the carbide in the obtained steel wire are shown in 
a table 4 with bluing treatment temperature. Moreover, the mechanical property of each steel wire is 
shown in a table 5. In addition, the result in the phase which set the wire size to 1 .0mm about the steel 
type B was also shown in Table 4 and a table 5. 
[0050] 
[A table 4] 
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B 
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2. 


2 


1 2. 


5 


1 . 


0 


A— h 




35 


B 


1 2. 


6 
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2. 


2 


36. 


8 


1. 


0 






36 


B 


1 2. 


6 


500 


2. 


2 


50. 


8 


1. 


0 


Y 
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0051] 
A table 5] 



No. 


(kgf/imn 2 ) 


TS 
(kgf/nun 2 ) 


(96) 


m 
(%) 


(kgf/min 2 ) 


(kgf/mi 2 ) 


mm 


m 


26 
2 7 
2 8 


3 79. 1 
3 52.7 
3 2 1.8 


4 19.2 
3 94. 4 
3 38. 3 


2. 5 
4. 8 
1. 8 


36. 9 
33. 4 
13.4 


1 0. 5 
18.9 
6. 1 


154.7 
13 1.7 
45. 3 


m u 

M b 


tmm 
mm 


29 
30 

3 1 


3 0 5.4 
294. 6 
2 6 1.2 


353. i 
3 5 0. 2 
2 80.4 


3. 4 

4. 9 
1. 9 


43. 5 
4 1.0 
14.3 


12.0 
1 7. 2 
5. 3 


153.6 
143. 6 
40. 1 


M b 

m l 
m i 


mm 
mm 


32 
33 
34 
35 
3 6 


2 2 2.3 
2 1 5. 7 
203. 8 
1 94. 6 
183.2 


2 8 4.6 
2 74.7 
2 67. 1 
2 54. 6 
243. 8 


2. 9 

3. 4 

4. 8 
4. 4 
2. 0 


47. 3 
44. 6 
42. 0 
27. 5 
1 5. 1 


8. 3 

9. 3 
1 2. 8 
11.2 

4. 9 


13 4.6 
12 2.5 
112.2 
70. 0 
36. 8 


m b 
m b 
m b 
m b 


mm 

mmm 
mm 



[0052] It can consider as follows than tables 4 and 5. The thing of No.26-28 carries out wire drawing of 
the steel type A to 0.2mm. When a wire size is 0.2mm, since that whose bluing treatment temperature is 
300 degrees C has a mean diameter D as small as 2.8nm, the vertical crack has generated it to the lower 
limit of the mean diameter D called for by (3) types being 3.1nm ( drawing 9 ). To the upper limit of the 
mean particle diameter called for by (3) types being 43.1nm ( drawing 9 ) in 500-degree-C processing 
material, since it is large, (TSx elongation) is [ 54.3nm and ] 2 6.1 kgf(s)/mm. 9.6kgf/mm2 Less. 
[0053] The thing of No.29-31 carries out wire drawing of the steel type B to 0.2mm. Since it was 
satisfied with 300-degree-C processing material of (3) types ( drawing 9 ) ? there is also no vertical crack, 
and (TSx elongation) is 2 12.0 kgf(s)/mm. Lower limit 9.6kgf/mm2 It was above. For particle size, to 
43.1nm ( drawing 9 ) which is the upper limit calculated by (3) formulas, since it is large, at 450-degree- 
C processing material, (TSx elongation) is [ 54.3nm and ] 2 5.3 kgf(s)/mm. Lower limit 9.6kgf/mm2 
Less. 

[0054] The thing of No.32-36 carries out wire drawing of the steel type B to 1 .Omm. To 46.6nm 

( drawing 10 ) which is the upper limit calculated by (3) types, 4.8nm and since it was small, the vertical 
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crack had generated the particle size of 300-degree-C processing material. Moreover, (TSx elongation) 
is 2 8.3 kgf(s)/mm. 9.6kgf/mm2 Less. 

[0055] For particle size, to 46.6nm ( drawing 10 ) which is the lower limit calculated by (3) types, since 
it is large, at 500-degree-C processing material, (TSx elongation) is [ 50.8nm and ] 2 4.9 kgf(s)/mm. 
9.6kgf/mm2 Less. 

[0056] When wire drawing of the wire size was carried out by 1.0mm like the conditions described 
above example 3, it investigated about the case where changed a heating rate and wire drawing 
distortion (true strain epsilon), and the value of the right-hand side of (3) types is changed. The mean 
diameter and subject organization of the carbide in the obtained steel wire are shown in a table 6 with 
bluing treatment temperature. Moreover, the mechanical property of steel wire is shown in a table 7. 
[0057] 



No. 


m 




7*, — ( v 
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(nm) 
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37 


B 


1 2. 6 


3 50 


2. 


2 


1 2. 5 


1 5. 0 


1. 


0 






38 


B 


1 2. 6 


350 


1. 


6 


4. 9 


5. 2 


1. 


0 




mm 


3 9 


B 


12. 6 


4 2 5 


2. 


2 


36. 8 


39. 0 


1. 


0 




mm 


40 


B 


1 2. 6 


4 2 5 


3. 


2 


53. 9 


55. 4 


1. 


0 




mm 


4 I 


B 


1 2. 6 


450 


2. 


2 


50. 8 


63. 0 


1. 


0 




mm 


42 


B 


1. 0 


450 


2. 


2 


52. 7 


66. 4 


1 . 


0 


A— h 


mm 


43 


B 


1 2. 6 


4 50 


2. 


2 


36. 8 


39. 0 


1. 


0 




msm\ 


44 


B 


1 2. 6 


450 


2. 


2 


36. 7 


29. 4 


1. 
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n-*?4 h 





[0058] 



A table 7] 



No. 


(kgf/nun 2 ) 


TS 
(kgf/mm 2 ) 


to tt 

{%) 


SO 
{%) 


(kgf/W) 


(kgf/mra 2 ) 






3 7 
38 
39 
40 

4 1 


2 15. 7 
183. 1 
194.6 
204. 6 
18 3.2 


2 74.7 
2 03. 7 
2 54.6 
2 63. 7 
2 43.8 


3. 4 

4. 3 
4. 4 

3. 2 
2. 0 


44. 6 
68. 2 
2 7.5 
24. 2 
1 8. 2 


9. 3 
8. 8 
11.2 
8. 4 
4. 9 


12 2.5 

13 8.9 
70. 0 
6 3.8 
44. 4 


m v 
m t 
& b 

ft b 

ft 1/ 


£bK0iJ 

mm 
mm 


42 
4 3 
44 


18 1.6 

19 4.6 
2 23. 4 


2 38. 6 
2 54.6 
2 68. 1 


3. 5 

4. 4 
4. 9 


24. 3 
27. 5 
32. 7 


8. 4 
11.2 
1 3. 1 


62. 5 
70. 0 
87. 7 


ft b 
ft b 
ft b 


mm 
mm 
m&m 



[0059] From these results, it can consider as follows. The case where the rate of wire drawing is changed 
first is explained. As the value of the right-hand side of (3) types is set to 5.2, when wire-drawing 
distortion is made small from 2.2 to 1.6, bluing treatment temperature is 350 degrees C and it carries out 
to below a 1.0mm [ of wire sizes ] lower limit, (TSx elongation) is 2 8.8 kgf(s)/mm. It becomes, and 
becomes insufficient (TSx elongation), and mean particle diameter is also set to 4.9nm or less. 
Moreover, as the value of the right-hand side of (3) types is set to 55.4nm, when wire-drawing distortion 
is enlarged from 2.2 to 3.2, and it carries out more than a 1 .0mm [ of wire sizes ] upper limit also in the 
case of 425-degree-C bluing treatment, (TSx elongation) is 2 8.4 kgf(s)/mm. It becomes insufficient 
(TSx elongation) and mean particle diameter D is set to 53.9nm or more. 
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[0060] Next, average heating rate HR The case where it is made to change is explained. It is TB about 
the last soak temperature here. It is HR when it carries out. It is an average heating rate between TB-20 
degrees C from TB-100 degree C. If soak temperature is arranged with the bluing treatment temperature 
of 450 degrees C and a heating rate makes it slow in 12.6 degrees C/second to 1.0 degrees C/[ a second 
and ], it is over the upper limit in case the values of the right-hand side of (3) types are 66.4 and 1 .0mm 
of wire sizes, in this case, (TSx elongation) - 8.4kgf/mm2 becoming (TSx elongation) -- it has 
deteriorated. Moreover, when a heating rate is made quick in 126.0 degrees C/[ a second and ], it turns 
out that the value of the right-hand side of (3) types is set to 29.4, it goes within the limits of [ suitable ] 
1 .0mm of wire sizes, and the mechanical property is also excellent. 
[0061] 

[Effect of the Invention] By constituting this invention as mentioned above and controlling the mean 
diameter of the carbide of an organization in steel wire by nano meter level in the suitable range, the 
high intensity to wish and the steel wire of high ductility can be obtained, and this steel wire is the 
optimal as raw materials, such as a PC wire, galvanized steel wire, a spring steel wire, and a cable for 
suspension bridges. 



[Translation done.] 
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